tumors, [3] to improve the guidance for their clinical diagnosis and management.
Approximately 70% of all gliomas are high grade (Grades III and IV), of which glioblastoma (Grade IV) is the most common and highly malignant. [1] The management of high-grade gliomas remains a major challenge for neurosurgeons, and despite current treatments involving adjuvant radiotherapy and chemotherapy after maximal safe resection, the prognosis for this devastating disease remains unsatisfactory. Irradiation with concurrent and maintenance of six cycles of temozolomide (TMZ) is the standard postsurgical care for newly diagnosed glioblastoma. [4] [5] [6] The median overall survival (OS) was 14-17 months in EORTC-NCIC and contemporary trials. [4, [7] [8] [9] Radiochemotherapy was also recommended for anaplastic (Grade III) glioma. The interim results of the CATNON trial showed that patients with anaplastic astrocytoma benefited from combined treatment with irradiation and TMZ, compared with radiotherapy alone (5-year survival 55.9% vs. 44.1%). [10] The RTOG 9402 trial-treated patients with anaplastic oligodendroglioma with isocitrate dehydrogenase (IDH) mutation and 1p/19q codeletion using radiotherapy combined with procarbazine, lomustine, and vincristine (PCV) chemotherapy, with a median OS of >14 years. [11] Low-grade gliomas have a markedly better prognosis than high-grade tumors, and adjuvant radiotherapy combined with PCV chemotherapy is recommended for patients with diffuse low-grade glioma at high risk of recurrence.
The clinical practice guidelines for glioma are based on the results of clinical trials with high levels of evidence, and patient treatment conventionally follows these guidelines. However, clinical trials generally evaluate the efficacy of a novel therapy compared with a standard treatment, and patients are enrolled according to strict criteria, which may not accurately represent the situation during routine patient management. The real-world management of gliomas involves patients unsuitable for standard treatment, such as those with poor performance status, and includes patients who refuse postoperative treatment due to personal choice or financial difficulties. The 5-year survival rates of patients with glioblastoma in population-based studies in the US and Europe were, therefore, only 4.7%-6.6%, [12, 13] which was <9.8% reported in the EORTC-NCIC trial. [7] We, therefore, conducted a real-world analysis of over 1000 patients with newly diagnosed gliomas to evaluate the treatment efficacy and survival outcomes in a clinical setting in China.
mateRials and methods

Patient selection
We reviewed the medical records and radiologic images of 1215 patients with brain gliomas from the cancer registry of Sun Yat-Sen University Cancer Center (SYSUCC), China, from 2000 to 2017. Patients were enrolled according to the following criteria: (1) histological diagnosis of glioma according to the WHO criteria and grading system, [2, 3] (2) newly diagnosed brain lesions, and (3) no other malignancy history. The study was approved by the Ethics Committee of SYSUCC on February 20, 2019 , and all patients provided signed informed consent for the analysis of their medical data.
Data collection
Patients were diagnosed according to the WHO classification of central nervous system tumors (initially 2007, [2] then 2016 criteria [3] ). The following data were collected: (1) clinicopathological characteristics at the time of diagnosis including sex, age, Karnofsky Performance Status (KPS), [14] neurological manifestation, histologic subtype, and WHO grade; (2) radiologic information including tumor location and size; (3) immunohistochemical expression of Ki-67, methylguanine-DNA methyltransferase (MGMT), and IDH 1 R132H ; (4) extent of tumor resection according to surgeon's records or postsurgical magnetic resonance imaging scans; and (5) the use of radiotherapy and chemotherapy.
Follow-up was performed through patient visits or telephone calls. Patients were interviewed 3 months' postoperatively and every 3-6 months thereafter until December 2018. OS was recorded as the duration from the date of surgery to death. All patients underwent follow-up for at least 1 year, except for patients who survived <1 year postoperatively.
Statistical analysis
Statistical analysis was performed using SPSS software version 20 (IBM Corp., Santa Monica, CA, USA) and GraphPad Prism software version 7 (GraphPad Software Inc., La Jolla, CA, USA). Continuous variables were compared using two-tailed t-tests. Survival curves were plotted by the Kaplan-Meier method and compared using log-rank tests. Cox proportional hazard models were constructed using an enter method, adjusting for predictors previously associated with OS in univariate analysis at P < 0.1 level. P < 0.05 was considered to indicate statistical significance.
Results
Baseline patient characteristics
A total of 1001 patients with newly diagnosed brain gliomas were included in the final analysis [ Figure 1 ], including 397 low-grade gliomas and 604 high-grade gliomas. All patients underwent surgery in our center, and tissue samples were obtained for biopsy diagnosis and immunohistochemistry tests. Most oligoastrocytomas could be reclassified as oligodendrogliomas in this study, according to revised WHO criteria by detecting molecular markers, and oligoastrocytomas and oligodendrogliomas were, therefore, combined and recognized as oligodendroglial tumors. [15, 16] Ki-67 and MGMT immunohistochemistry were carried out since 2004, and immunohistochemical detection of IDH1
R132H
, representing the most frequent type of IDH mutation, started to be detected in 2012. The clinicopathological characteristics are summarized in Table 1 . There were more men than women (1.3:1), especially among patients with malignant gliomas, 80.9% of the patients were aged 18-60 years, and 89.1% had a good performance status (KPS ≥70). The median onset ages in patients with Grades I, II, III, and IV gliomas were 14 (range 1-75), 35 (range 2-69), 41 (range 8-82), and 50 (range 2-86) years, respectively. The onset age was significantly older in patients with high-grade tumors compared with low-grade tumors (P < 0.001). Preoperative seizures were observed in 261 patients and were more common in patients with diffuse low-grade gliomas (145/307 patients, 47.2%).
Primary patient management
Most patients underwent tumor resection, except for 14 who underwent biopsy. In patients with tumors involving eloquent areas of limb movement, such as the precentral and thalamic regions, maximal tumor resection minimizing functional damage was achieved using preoperative functional magnetic resonance imaging including diffusion tensor imaging and neuronavigation. Awake operation has recently been developed for surgeries involving the language area. Gross total glioma resection was achieved in 576 patients (57.5%). Current clinical guidelines recommend postsurgical radiotherapy and chemotherapy for most patients with gliomas, especially high-grade gliomas. However, only 331 of the 604 patients with high-grade gliomas (54.8%) and 159 of 397 patients (40.1%) with low-grade gliomas in the current cohort received radiotherapy. Most radiotherapy was conformal radiotherapy at a dosage of 40-60 Gy. Twenty-nine patients participated in clinical trials and received radiotherapy at a higher total dose (>60 Gy). 7 patients received stereotactic radiosurgery, and 285 patients with high-grade tumors (47.1%) and 80 with low-grade tumors (20.2%) received chemotherapy. TMZ has become the preferred agent for treating gliomas in our center since 2008, before which nitrosourea or cisplatin combined with teniposide were the main chemotherapy regimens. Few patients received interferon or molecular targeted treatments such as nimotuzumab and bevacizumab, in addition to standard therapy. Risk factors for survival outcome were identified using a Cox proportional hazards model. Univariate analysis indicated that age of onset (P < 0.001), KPS (P < 0.001), preoperative seizure (P < 0.001), neurological deficit (P < 0.001), tumor location (P < 0.001), histological subtype (P < 0.001), Ki-67 expression (P = 0.004), IDH1 mutation (P < 0.001), extent of resection (P < 0.001), and postsurgical treatment (radiotherapy and/or chemotherapy, P < 0.001) significantly affected OS in patients with high-grade gliomas. After adjustment for these factors, older age, KPS <70, and tumor in the midline were independent risk factors for poor outcome, whereas preoperative seizure, oligodendroglial tumor and astrocytoma subtype, tumor total resection, and postsurgical treatment were independent predictors of a better prognosis [ Table 2 ]. We also performed stratification analysis to assess the prognostic significance of postsurgical treatment in different subgroups of patients divided according to the WHO grade, onset age, and resection extent. Postsurgical treatment improved the survival of patients with high-grade gliomas in each group [ Figure 2 ]. A total of 195 patients with glioblastoma and 160 with anaplastic glioma received adjuvant therapy, with median OS rates of 22.6 months (95% CI: 18.8-26.4 months) and 52.6 months (95% CI: 27.3-77.9 months), respectively.
Patient outcomes
Among patients with diffuse low-grade gliomas, multivariate analysis showed that patient age and Ki-67 ≥10% were independent risk factors for shorter OS. Oligodendroglial tumor subtype and tumor total removal were also associated with prolonged survival [ Table 3 ].
disCussion
There are currently many guidelines for the diagnosis and treatment of brain gliomas in routine clinical practice, [6, 17] based on the results of high-quality randomized clinical trials and aiming to provide useful guidance for the best care of patients. However, not all the patients actually receive the treatments recommended by the guidelines, and some may decline standard therapy because of personal choice, lack of education, or financial difficulty. Furthermore, the standard treatment may not suitable for all patients, such as older patients or patients with a poor performance status. The effect of alkylating agents as currently recommended by guidelines is also controversial in patients with MGMT promoter-unmethylated gliomas. [18] Moreover, because clinical trials enroll patients based on strict criteria, the real efficacy of standard therapy for the routine management of gliomas may differ from that demonstrated in clinical We, therefore, conducted a retrospective real-world study in 604 patients with high-grade glioma from SYSUCC were analyzed. The median OS durations in patients with glioblastoma and anaplastic glioma were 17.5 and 43.1 months, respectively. Cox regression analysis identified onset age, preoperative seizure, tumor location, pathological subtype, resection extent, and postsurgical treatment as independent survival predictors in patients with high-grade glioma. Surgical resection is the cornerstone of the treatment for gliomas, and increasing evidence has suggested that total tumor removal is associated with less recurrence and longer survival. [19] [20] [21] [22] Patients in our institution with high-grade glioma who received postsurgical radiotherapy and/or chemotherapy had better prognoses than those without adjuvant therapy. The current National Comprehensive Cancer Network [17] and the European Association for Neuro-Oncology guidelines [6] recommend radiotherapy and six cycles of concomitant and maintenance TMZ chemotherapy as the standard care for adults aged ≤70 years with newly diagnosed glioblastoma with a good performance status, mainly based on the results of EORTC-NCIC and contemporary clinical trials. [4, 7, 8] However, only 160 of the 365 patients with glioblastoma (43.8%) in the current cohort received radiochemotherapy, while 35 patients (9.6%) received irradiation or chemotherapy alone. The median OS of the patients who received adjuvant therapy was 22.6 months, which was better than the outcomes of previous clinical trials (14-17 months) . [4, [7] [8] [9] This may have been because the patients with glioblastoma in the present cohort were younger than those in the EORTC-NCIC trial [4] (median, 49 vs. 56 years), and the ratio of tumor total resection was also higher (60% vs. 39.4%). Younger age and total tumor resection are important indicators of longer survival in patients with glioma. [6, 20, 21] Some patients in the current study participated in and possibly benefitted from clinical trials of novel treatments (e.g., high-dose irradiation, epidermal growth factor receptor inhibitor, and addition of interferon to chemotherapy regimens). Moreover, the retrospective nature of this study means that there may have been statistical errors in follow-up and estimated survival. Nevertheless, the results indicate the need to consider personalized treatment in the routine management of patients with glioma.
Radiotherapy followed by 12 cycles of adjuvant TMZ is recommended in patients with anaplastic astrocytoma, according to the interim result of the CATNON trial, [10] which showed improved survival after combination treatment compared with irradiation alone (OS not reached in combination group vs. 41.1 months in radiotherapy group). PCV chemotherapy, either before or after irradiation, is the first-line treatment for patients with oligodendroglial tumors, based on the results of the RTOG 9402 [11] and EORTC 26951 trials.
[23] These two studies both found that patients benefited from the addition of PCV to radiotherapy (OS >42 months). Moreover, the survival benefit was more pronounced in patients with 1p/19q codeletion (OS >10 years). TMZ could be applied in patients who have difficulty in tolerating PCV chemotherapy, and the long-term outcome of combined TMZ and radiotherapy for anaplastic oligodendroglioma is currently being explored in a large phase III trial. [24] In the current cohort, 112 of 239 patients with anaplastic glioma (62.8%) received radiochemotherapy and 48 patients (20.1%) received irradiation or chemotherapy alone. The median OS of patients who received postsurgical treatment was 53.3 months, compared with 20.3 months in those without adjuvant therapy. The efficacy of the treatment for anaplastic gliomas in our center was thus similar to that reported in the above clinical trials. Notably, molecular detection including 1p/19q codeletion was absent in most of these patients, and further studies are warranted to clarify the real prognosis of different molecular subtypes of gliomas.
The current study also enrolled 307 patients with diffuse low-grade gliomas, and survival analysis showed that surgery extent, but not postsurgical treatment, was associated with OS. A similar result was reported in other studies [21, 22, 25] showing that adjuvant treatment, especially chemotherapy, was not an independent survival predictor in patients with low-grade gliomas. One possible explanation is that the application of radiochemotherapy in patients with low-grade gliomas depends on recurrence risk factors, including age, resection extent, and molecular markers, and not all patients benefit from postsurgical therapy. Patients at high risk of tumor progression should be treated with radiotherapy followed by PCV, [26] whereas observation after surgery should be considered in low-risk patients. In the present cohort, 163 patients with Grade II glioma (53.3%) received postsurgical therapy. TMZ is currently the main chemotherapy agent for patients with Grade II glioma in our center. However, follow-up remained incomplete given that only 24.1% of patients had died at the time of analysis; the median OS was thus not reached, and the 5-year survival was 73.7%. Further follow-up is, therefore, needed to compare the survival of these patients with the outcomes of clinical trials. Furthermore, tumor-progression time and quality of life should also be followed during the routine management of patients with low-grade glioma.
The WHO classification of central nervous system tumors has been revised, with the incorporation of a molecular classification for gliomas and an emphasis on the role of molecular markers in pathological diagnosis and prognosis prediction. [3] The IDH mutation is a pivotal biomarker for glioma diagnosis and prognosis, with IDH mutations occurring in >80% of low-grade gliomas (Grades II and III) and secondary glioblastomas, but in <10% of primary glioblastomas. Patients with primary glioblastomas with IDH mutation also demonstrated better survival than those without the mutation. [27] The R132H mutation is the most frequent IDH mutation and can be detected by immunohistochemistry, while less common IDH mutations can be analyzed by DNA sequencing. [6] IDH mutation detection, including immunohistochemistry and DNA sequencing, has been in practice at our center since 2012. Immunohistochemistry showed that the IDH1 mutation was associated with longer survival in patients with high-grade gliomas but not in those with diffuse low-grade gliomas; however, the sample of tumors subjected to IDH1 immunohistochemistry in this study may have been too small to allow an accurate assessment of the prognostic value of IDH mutation in low-grade gliomas. Nevertheless, other studies have also reported that patients with low-grade gliomas with IDH mutation had a lower risk of tumor progression and better survival than those without mutation. [21, 28, 29] Alkylating agents, especially TMZ, represent the main chemotherapy choice for gliomas. Patients with MGMT promoter methylation are less chance resistant to alkylating agents and experience better outcomes than those without, [18] and MGMT promoter methylation status may thus be used to guide therapeutic decisions regarding the use of chemotherapy.
Our center has performed immunocytochemistry detection of MGMT since 2004, and our results showed that its expression was not associated with OS in patients with glioma, regardless of the grade. This apparent discrepancy may be because our personalized chemotherapeutic protocol often avoided alkylating agents in patients with MGMT-positive gliomas. Immunocytochemistry is no longer recommended for establishing MGMT promoter methylation status, [6, 30] and a molecular genetic approach, such as methylation-specific polymerase chain reaction, [6] is now recommended and has recently been developed in our center (data not show). Ki-67, also known as MIB-1, is a widely used cellular marker for proliferation and can help pathologists to identify a high proliferative subset of tumors and to diagnose high-grade gliomas. [31] We found that the results of Ki-67 immunocytochemistry were associated with clinical outcomes in glioma patients, and higher expression (≥10%) was an independent predictor of shorter OS in patients with diffuse low-grade gliomas. Immunocytochemical detection of Ki-67 thus has diagnostic and prognostic values in the routine management of glioma patients.
ConClusion
This retrospective, single-center study of >1000 newly diagnosed brain glioma patients provided real-world data regarding the pattern and efficacy of the treatment for gliomas in routine clinical practice in southern China. Patients are not always treated according to the guidelines. Although standard care may improve prognosis, personalized treatment may be more acceptable and may produce better outcomes in some patients and should thus be considered during the routine management of patients with glioma.
